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RELATED APPLICATIONS 
[0001] The present application claims the benefit and priority of the Japanese Patent 
Application No. 2002-215415, filed in Japan on July 24, 2002, the subject matter of which is 
hereby incorporated herein by reference. 



B ACKGOUND OF THE INVENTION 
FIELD OF THE INVENTION 
[0002] The present invention relates to gradient liquid transfer devices and methods for 
nano/micro liquid chromatographs, and more particularly, to an improvement of liquid transfer 
performance in solvent mixing. 
PRIOR ART 

[0003] Recently, high performance liquid chromatographs have served as representative 
means for the separation and analysis of trace components. Fig. 4 shows an example structure 
of such a chromatograph. In a high performance liquid chromatograph 10, a solvent is 
transferred by a pump 14 from a mobile-phase solvent tank 12 through a passage, and an injector 
16 introduces a trace sample into the solvent in the passage. The flow of the solvent leads the 
trace sample to a subsequent column 18. The trace sample is separated into components at a 
controlled t emperature. The s eparated components a re t hen d etected b y detection m eans 2 0, 
such as an absorbance detector. A computer 22 processes and analyzes A/D-converted detected 
signals, and also controls the conditions of the chromatograph. 

[0004] Recently, a lower flow rate and a lower volume have been used to separate 
infinitesimal c omponents a t h igh r esolution. Nano/micro 1 iquid c hromatographs w hich u se a 
flow rate of several tens of micro liters per minute to a nano liter per minute have been 
developed. 
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[0005] Fig. 5 shows a conventional liquid transfer system used for gradient elution in such a 
nano/micro liquid chromatograph. In the liquid transfer system 30, at a primary-solvent liquid 
transfer section 32, a primary solvent is replenished from a primary-solvent tank 34 to a metering 
pump 3 6, a nd t hen, a v alve 3 8 i s s witched t o t ransfer t he p rimary s olvent f rom t he m etering 
pump 36 through a primary-solvent passage 40 connected thereto. 

[0006] At a secondary-solvent liquid transfer section 42, a secondary solvent is replenished 
from a secondary-solvent tank 44 to a metering pump 46, and then a valve 48 is switched to 
transfer the secondary solvent from the metering pump 46 through a secondary-solvent passage 
50 connected thereto. 

[0007] A three-way tee 52 (solvent mixing section) connected to the primary-solvent 
passage 40 and to the secondary-solvent passage 50 mixes the two solvents at a predetermined 
ratio. The mixed solvent is transferred to a subsequent separation system through a 
mixed-solvent passage 54. The mixing ratio of the two solvents is determined by the ratio of 
the flow rates specified by the metering pumps, and is controlled by a control section such as a 
computer. With the mixing ratio of the solvents being gradually changed, the mixed solvent is 
transferred to the subsequent separation system for gradient elution. 

[0008] Due to the following two reasons, however, a considerable amount of the primary 
solvent enters the secondary-solvent passage 50 when only the primary solvent is transferred at a 
first stage. 

[0009] First, since only a part (for example, from the pump 46 to the valve 48 in Fig. 5) of 
the passage 50 is initially filled with the secondary solvent, the primary solvent enters an empty 
part (for example, from the valve 48 to the three-way tee 52 in Fig. 5) of the passage 50, which 
has a considerable volume. 

[0010] Secondly, the pressure of the liquid transfer system reaches, for example, as high as 
several tens of kilograms per square centimeters because of the resistance of the separation 
system, which is subsequent to the liquid transfer system. The primary solvent having a high 
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pressure and entering the secondary-solvent passage 50 pushes the secondary solvent, which was 
previously stored at atmospheric pressure, to compress the secondary solvent. As a result, a 
further, amount of the primary solvent enters the secondary-solvent passage. When water is 
used as the primary solvent and acetonitrile is used as the secondary solvent, acetonitrile is 
compressed due to the pressure of the water, and a considerable amount of volume contraction 
occurs. Since nano/micro liquid chromatographs have very small passage diameters and very 
small passage volumes, this solvent contraction also largely affects the entry of the primary 
solvent into the secondary-solvent passage. 

[0011] When a considerable amount of the primary solvent enters the secondary-solvent 
passage in this way, even if the operations of the metering pumps are controlled such that the 
transfer of the primary solvent only is switched to the transfer of the mixed solvent at a 
predetermined time, actual switching is performed at a time later than the predetermined time, as 
shown in the graph of Fig. 6. In other words, it takes time for the pump 46 to push back the 
primary solvent which has entered the secondary-solvent passage 50, the secondary solvent 
cannot be mixed with the primary solvent during this time; and a time delay thus occurs. 
Therefore, the mixed solvent may be transferred to the separation column with a delay, so that 
separation is performed late; or analysis of the measurement results may be inaccurate, which is 
a problem. 

SUMMARY OF THE INVENTION 
[0012] The present invention has been made in consideration of the foregoing issues of the 
conventional technology. It is an object of the present invention to improve the performance of 
gradient liquid transfer in nano/micro liquid chromatographs when solvents are mixed. 
[0013] The foregoing object is achieved in one aspect of the present invention through the 
provision of a gradient liquid transfer device for a nano/micro liquid chromatograph, provided 
with a primary-solvent liquid transfer section having a metering pump for transferring a primary 
solvent and a primary-solvent passage subsequent to the metering pump; at least one liquid 
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transfer section having a metering pump for transferring one other solvent and a solvent passage 
subsequent to the metering pump; a solvent mixing section connected to the passages and to a 
mixed-solvent passage for passing a mixed solvent made by mixing the solvents supplied 
through the passages at a predetermined mixing ratio and for leading to a subsequent separation 
system; and a control section for controlling the mixing ratio of the mixed solvent transferred to 
the subsequent separation system, the gradient liquid transfer device including, in the vicinity of 
the solvent mixing section, opening and closing means capable of opening and closing the 
solvent passage for transferring the one other solvent. 

[0014] In the gradient liquid transfer device for a nano/micro liquid chromatograph, a liquid 
connection section for connecting the primary-solvent liquid transfer section and the at least one 
liquid transfer section may be further included. 

[0015] The foregoing object is achieved in another aspect of the present invention through 
the provision of a gradient liquid transfer device for a nano/micro liquid chromatograph, 
provided with a primary-solvent liquid transfer section having a metering pump for transferring a 
primary solvent and a primary-solvent passage subsequent to the metering pump; at least one 
liquid transfer section having a metering pump for transferring one other solvent and a solvent 
passage subsequent to the metering pump; a solvent mixing section connected to the passages 
and to a mixed-solvent passage for passing a mixed solvent made by mixing the solvents 
supplied through the passages at a predetermined mixing ratio and for leading to a subsequent 
separation system; and a control section for controlling the mixing ratio of the mixed solvent 
transferred to the subsequent separation system, the gradient liquid transfer device including first 
storing means formed of the metering pump in the at least one liquid transfer section and a part 
of the solvent passage subsequent to the metering pump and filled in advance with a liquid 
having a low compression rate; and second storing means formed of a part of the solvent passage 
subsequent to the first storing means and filled with a required amount of the one other solvent 
subsequent to the liquid in advance. 
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[0016] The foregoing object is achieved in still another aspect of the present invention 
through the provision of a gradient liquid transfer method for a nano/micro liquid chromatograph 
provided with a primary-solvent liquid transfer section having a metering pump for transferring a 
primary solvent and a primary-solvent passage subsequent to the metering pump; at least one 
liquid transfer section having a metering pump for transferring one other solvent and a solvent 
passage subsequent to the metering pump; and a solvent mixing section connected to the 
passages and to a mixed-solvent passage for passing a mixed solvent made by mixing the 
solvents supplied through the passages at a predetermined mixing ratio and for leading to a 
subsequent separation system, the nano/micro liquid chromatograph gradually changing the 
mixing ratio of the mixed solvent and transferring the mixed solvent to the subsequent separation 
system for gradient elution, and including, in the vicinity of the solvent mixing section, 
opening and closing means capable of opening and closing the solvent passage for transferring 
the one other solvent, and the gradient liquid transfer method including a first step of closing the 
opening and closing means, of filling, in advance, a passage from the metering pump of the at 
least one liquid transfer section to the opening and closing means with the one other solvent, and 
of applying an appropriate pressure to the one other solvent; a second step of transferring the 
primary solvent to the subsequent separation system from the primary-solvent liquid transfer 
section through the solvent mixing section; and a third step of opening the opening and closing 
means, of transferring the one other solvent to the solvent mixing section at a predetermined flow 
rate, and of transferring the mixed solvent having the predetermined mixing ratio of the primary 
solvent and the one other solvent to the subsequent separation system. 

[0017] The gradient liquid transfer method may be configured such that the nano/micro 
liquid chromatograph further includes a liquid connection section for connecting the 
primary-solvent liquid transfer section and the at least one liquid transfer section, and pressure 
generated in the primary-solvent liquid transfer section in the second step is applied to the at 
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least one liquid transfer section to apply the appropriate pressure to the one other solvent in the 
first step. 

[0018] The foregoing object is achieved in yet another aspect of the present invention 
through the provision of a gradient liquid transfer method for a nano/micro liquid chromatograph 
provided with a primary-solvent liquid transfer section having a metering pump for transferring a 
primary solvent and a primary-solvent passage subsequent to the metering pump; at least one 
liquid transfer section having a metering pump for transferring one other solvent and a solvent 
passage subsequent to the metering pump; and a solvent mixing section connected to the 
passages and to a mixed-solvent passage for passing a mixed solvent made by mixing the 
solvents supplied through the passages at a predetermined mixing ratio and for leading to a 
subsequent separation system, the nano/micro liquid chromatograph gradually changing the 
mixing ratio of the mixed solvent and transferring the mixed solvent to the subsequent separation 
system for gradient elution, and the gradient liquid transfer method including a first step of 
filling, in advance, a liquid having a low compression rate in a part of the solvent passage 
subsequent to the metering pump of the at least one liquid transfer section; a second step of 
filling a required amount of the one other solvent, subsequent to the liquid, in the solvent 
passage; a third step of transferring the primary solvent to the subsequent separation system from 
the primary-solvent liquid transfer section through the solvent mixing section; and a fourth step 
of transferring the one other solvent to the solvent mixing section at a predetermined flow rate, 
and of transferring the mixed solvent having the predetermined mixing ratio of the primary 
solvent and the one other solvent to the subsequent separation system. 

[0019] In any of the above-described gradient liquid transfer devices and methods, it is 
preferred that the metering pumps be syringe-type metering pumps, each transferring the entire 
solvent by pushing the syringe in a single stroke. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] Fig. 1 is a view showing a liquid transfer system which employs a method according 
to a first embodiment of the present invention. 

[0021] Fig. 2 is a view showing a liquid transfer system which employs a method according 
to a second embodiment of the present invention. 

[0022] Fig. 3 is a view showing a syringe pump used in a method according to the present 
invention. 

[0023] Fig. 4 is a view showing a high performance liquid chromatograph. 

[0024] Fig. 5 is a view showing a conventional liquid transfer system. 

[0025] Fig. 6 is a view showing a switching time when the transfer of a primary solvent only 

is switched to the transfer of a mixed solvent. 

[0026] Fig. 7 is a view showing a pressure gage. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] Embodiments o f t he p resent i nvention w ill b e d escribed b elow b y r eferring t o t he 
drawings. 

First embodiment 

[0028] Fig. 1 shows an outline structure of a liquid transfer system which employs a method 
according to a first embodiment of the present invention. Elements corresponding to those in 
the conventional technology have the same reference numerals as those assigned to the elements 
in the conventional technology plus 100. In the liquid transfer system 130, at a primary-solvent 
liquid transfer section 132, a primary solvent is replenished from a primary-solvent tank 134 to a 
metering pump 136, and then, a valve 138 is switched to transfer the primary solvent from the 
metering pump 136 through a primary-solvent passage 140 connected thereto. 
[0029] At a secondary-solvent liquid transfer section 142, a secondary solvent is replenished 
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from a secondary-solvent tank 144 to a metering pump 146, and then, a valve 148 is switched to 
transfer the secondary solvent from the metering pump 146 through a secondary-solvent passage 
150 connected thereto. 

[0030] In the present embodiment, capillaries having a passage diameter of 250 \xm or 
smaller are used for the primary-solvent passage 140 and the secondary-solvent passage 150. 
[0031] A three-way tee (solvent mixing section) 152 connected to the primary-solvent 
passage 140 and to the secondary-solvent passage 150 mixes the two solvents at a predetermined 
ratio. The mixed solvent is transferred to a subsequent separation system through a 
mixed-solvent passage 154. The mixing ratio of the two solvents is determined by the ratio of 
the flow rates specified by the metering pumps, and is controlled by a control section such as a 
computer. With the mixing ratio of the solvents being gradually changed, the mixed solvent is 
transferred to the subsequent separation system for gradient elution. 

[0032] The present embodiment is characterized by providing, in the vicinity of the solvent 
mixing section 152, opening and closing means capable of opening and closing the solvent 
passage 150 which transfers the second solvent. In the present embodiment, a valve 160 is used 
as the opening and closing means. Since the opening and closing means is provided in the 
vicinity of the solvent mixing section 152, the entry of the primary solvent into the 
secondary-solvent passage 150, which is the problem described above, can be greatly suppressed. 
More specifically, the primary solvent can enter the secondary-solvent passage 150 just as far as 
the closest end of the valve 160, which is a small volume, and cannot enter the other part of the 
passage between the valve 160 and the metering pump 146, which occupies a relatively large 
volume. With the use of the opening and closing means, the method according to the present 
invention has the following steps. 
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First step 

[0033] The valve 160 is closed to block the passage 150, and the passage between the 
metering pump 146 and the valve 160 is filled with the secondary solvent. An appropriate 
pressure is given to the secondary solvent by driving the metering pump 146. With the pressure 
being applied in advance, as in this case, the volume contraction of the secondary solvent caused 
by the pressure of the primary solvent applied when the valve 160 is opened can be suppressed. 
Therefore, the amount of the primary solvent entering the passage 150 is reduced accordingly. 
The pressure being applied in advance to the secondary solvent is appropriately determined 
according to conditions such as the solvent used. 

Second step 

[0034] The p rimary solvent i s transferred f rom t he p rimary-solvent 1 iquid t ransfer s ection 
132 to the subsequent separation system through the solvent mixing section 152. The pressure 
of the liquid transfer system gradually increases due to the resistance of the subsequent 
separation system. In the present embodiment, in order to quickly reach a high pressure (20 
kg/cm 2 , for example,), the primary solvent is transferred first at a rate of 500 ^il/min, and later, 
when the high pressure is obtained, at a rate of 500 nl/min. 

Third step 

[0035] The valve 160 is opened to transfer the secondary solvent to the solvent mixing 
section 152 at a predetermined flow rate. The mixed solvent having a predetermined mixing 
ratio of the primary solvent and the secondary solvent is transferred to the subsequent separation 
system. In the present embodiment, the primary solvent entering the passage 150 is limited to a 
small volume as far as the valve 160, and in addition, since the pressure is given in advance to 
the secondary solvent, the entry of the primary solvent into the passage 150 caused by the 
compression of the secondary solvent is also suppressed. Therefore, a delay from the 
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predetermined time when the transfer of the primary solvent only should be switched to the 
transfer of the mixed solvent can be reduced. 

[0036] The present embodiment is further characterized by providing a liquid connection 
section 170 for connecting the primary-solvent liquid transfer section 132 and the 
secondary-solvent liquid transfer section 142. In the first step described above, it is necessary 
to drive the pump 146 to apply the pressure to the secondary solvent. When the liquid 
connection section 170 is provided, the pressure of the primary-solvent liquid transfer section 
132 obtained after the transfer of the primary solvent is started is conveyed to the 
secondary-solvent liquid transfer section 142. Since the same pressure is applied to the 
secondary solvent filling the section from the pump 146 to the valve 160, there is no need to 
perform any special operation to obtain a pressure balance. 

[0037] In the present embodiment, the liquid connection section 170 is provided with 
capillaries 172 and 174 for storing the two solvents, a valve 176, and pressure gages 178 and 180. 
The primary solvent is stored in advance in the capillary 172, and the secondary solvent is stored 
in advance in the capillary 174. Then, the primary solvent is transferred to the subsequent 
separation system from the primary-solvent liquid transfer section 132 through the solvent 
mixing section 152. The pressure of the primary-solvent liquid transfer section 132 is gradually 
increased until it reaches a high pressure (20 kg/cm 2 , for example). When the valve 176 is 
opened, since the primary solvent and the secondary solvent make contact in the liquid 
connection section 170, the high pressure is conveyed to the second-solvent liquid transfer 
section 142, and the same pressure is applied to the secondary solvent filling the section up to the 
closed valve 160. Therefore, the same effect as in the first step described above is obtained. 
[0038] Since the capillaries 172 and 174 have sufficient volumes, the boundary between the 
primary solvent and the secondary solvent does not reach the pump 146 or the passage connected 
thereto. In addition, these solvents are not mixed. Because the valve 160 is opened at the start 
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of the third step, the valve 176 may be closed to block the passage, if necessary. It is also 
preferred that a drain 184 be connected to the valve 176 through a stop valve 182. 
[0039] When three or more types of solvents are used, a liquid transfer section(s) for 
transferring one other solvent(s) can be connected to the solvent mixing section 152 in addition 
to the liquid transfer section 142. In this case, any two of a plurality of liquid transfer sections 
can be connected. 

Pressure gages 

[0040] Fig. 7 shows an outline structure of the pressure gages 178 and 180 used in Fig. 1. 
In Fig. 7, when a mobile-phase solvent is transferred at a constant flow rate, the resistance of a 
wall surface 406 against the solvent flow occurs at a coupling section between a solvent passage 
402 and a capillary 404. With this resistance, the pressure against the passage wall surfaces is 
increased around the coupling section due to the transfer of pressurized solvent in a flow 
direction 408. The increased pressure against the wall surfaces is detected by a pressure gage 
410. 

[0041] Since nano/micro liquid chromatographs use very small amounts of solvents, it is 
difficult to check whether the solvents are transferred correctly during measurement, more 
specifically whether the solvents are not leaked, or whether an extraordinarily high pressure due 
to clogging does not occur. Therefore, such a pressure gage is provided at the passage to 
monitor the liquid pressure to check whether the solvent is transferred correctly. More 
specifically, when the solvent is transferred correctly at a constant flow rate, a constant pressure 
is detected. If the solvent is leaked, such leakage is indicated by a pressure reduction. If an 
extraordinarily high pressure occurs due to clogging, it can be detected by the pressure gage. 
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Second embodiment 

[0042] Fig. 2 shows an outline structure of a liquid transfer system which employs a method 
according to a second embodiment of the present invention. Elements corresponding to those 
in the first embodiment have the same reference numerals as those assigned to the elements in 
the first embodiment plus 100, and a description thereof is omitted. 

[0043] The present embodiment is characterized in that a liquid having a low contraction 
rate with respect to pressure is filled, in advance, in a part of a solvent passage 250 subsequent to 
a metering pump 246 in a second-solvent liquid transfer section 242. With this liquid, the effect 
of the volume contraction of a secondary solvent caused by pressure is considerably suppressed. 
The liquid transfer method according to the present embodiment has the following steps. 

First step 

[0044] The liquid having the low compression rate is filled, in advance, in the part of the 
solvent passage 250 subsequent to the metering pump 246. In Fig. 2, for example, a passage 
(first storing means) from the metering pump 246 to a six-way valve 294 is filled with such a 
liquid by using the metering pump 246 and a tank 244 which stores the liquid. 

Second step 

[0045] The secondary solvent is transferred from a secondary-solvent tank 290 by a pump 
292 to be filled, in advance, in a passage 296 (second storing means) between port "a" and port 
"b" of the six-way valve 294. The passage 296 needs to have a volume corresponding to the 
amount of the secondary solvent required for measurement. The six-way valve 294 is switched 
to paths indicated by dotted lines in Fig. 2 to fill the passage 250 with the secondary solvent 
following the liquid having the low compression rate. 
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Third step 

[0046] A primary solvent is transferred from a primary-solvent liquid transfer section 232 to 
a subsequent separation system through a solvent mixing section 252. The pressure of the 
liquid transfer system gradually increases due to the resistance of the subsequent separation 
system. The primary solvent entering the passage 250 compresses the secondary solvent filled 
there in advance. However, since the passage from the pump 246 to the six-way valve 294 is 
filled with the liquid having the low compression rate, volume contraction can be suppressed in 
this passage having a relatively large volume. In other words, whereas, in the conventional 
technology shown in Fig. 5, the entire passage from the pump is filled with the secondary solvent 
and the secondary solvent is subjected to volume contraction due to pressure, in the present 
embodiment shown in Fig. 2, although the amount of the secondary solvent required for 
measurement is compressed, compression is only applied to that amount, and the entry of the 
primary solvent into the passage 250 caused by the volume contraction is considerably 
suppressed. 

[0047] It is preferred that, as the liquid having the low compression rate, a liquid having a 
lower compression rate than the secondary solvent be appropriately selected according to other 
measurement conditions. 

Fourth step 

[0048] The secondary solvent is transferred to the solvent mixing section 252 at a 
predetermined flow rate. The mixed solvent having a predetermined mixing ratio of the 
primary s olvent a nd t he s econdary s olvent i s t ransferred t o t he s ubsequent s eparation sy stem. 
As described above, since only the actual amount of the secondary solvent required for 
measurement is used in the present embodiment, a delay from a predetermined time when the 
transfer of the primary solvent only should be switched to the transfer of the mixed solvent can 
be reduced. 
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[0049] When three or more types of mobile-phase solvents are used, a liquid transfer 
section(s) for transferring one other solvent(s) can be connected to the solvent mixing section 
252 in addition to the liquid transfer section 242. 

Metering pump 

[0050] A syringe pump preferably used as a metering pump in the present invention will be 
described below by referring to Fig. 3. In a syringe pump 300 shown in Fig. 3, a solvent 
introduced in advance into a head 304 is discharged to a passage 306 by driving a syringe 302. 
Since nano/micro liquid chromatographs use a trace amount of a solvent for separation, the entire 
solvent is transferred by pushing the syringe in a single stroke with the use of the rotation of a 
screw 310 driven by a motor 308. Therefore, the transfer is performed without generating a 
pulsating flow caused by the repetitions of discharges and suctions. 

[0051] When such a syringe pump is used, a temperature change of the pump may cause a 
change in the flow rate. Therefore, it is preferred that means for maintaining a constant 
temperature of the pump be used. 

[0052] Even when appropriate temperature adjustment means is used, however, a change in 
the flow rate caused by the temperature change of the pump cannot be ignored in some cases. 
In our examination, it is found that, in order to suppress a change in the flow rate, it is effective 
to reduce the volume of the syringe introduced into the head 304 always while it is transferring 
liquid. 

[0053] It is thought that the reason why the temperature change of the pump causes a change 
in the flow rate is a variation in the solvent volume caused by the temperature change of the 
pump, or a variation in the syringe volume, or both. The density of a solvent is increased by 
about 0.1% as the temperature increases by 1°C. The volume of the syringe may also increase 
with temperature. Therefore, reducing the volume of the syringe should reduce those variations. 
It is especially preferred that the volume be set to 1000 jxl or smaller. 
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[0054] As described above, according to a gradient liquid transfer device and method of the 
present invention, the following advantages are obtained. 

[0055] (1) The opening and closing means capable of opening and closing the 
secondary-solvent passage is provided in the vicinity of the solvent mixing section; the passage 
from the metering pump of the secondary-solvent liquid transfer section to the opening and 
closing m eans i s filled w ith t he s econdary s olvent i n a dvance; a nd a n appropriate p ressure i s 
applied to the secondary solvent. Therefore, the entry of the primary solvent into the 
secondary-solvent passage is suppressed. In this case, when the liquid connection section for 
connecting the primary-solvent liquid transfer section and the secondary-solvent liquid transfer 
section is provided, since the pressure of the primary solvent is applied to the secondary solvent, 
an operation for applying an appropriate pressure to the secondary solvent can be omitted. 
[0056] (2) The liquid having the low compression rate is filled, in advance, in a part of the 
solvent passage subsequent to the metering pump of the liquid transfer section, and only the 
required amount of the secondary solvent is filled subsequent to the liquid. Therefore, the entry 
of the primary solvent into the secondary-solvent passage is suppressed. 
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